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ABSTRACT 

A model of conceptual chance, adapted from Posner, is 
pre<^ented Tt includes both the replacement of an existing concept , 
(conceptual exchange), and the inccrpcra tion of a new concept 
fccnceptual capture). Conceptual exchange occurs only when an 
existira concept is- dissatisfying and a new concept is intelligible. 
Initially plausible, and fruitful. Conceptual capture occurs if new 
and existing concepts se^aratel^- ^atisfv'+he four conditions 
discussed atcve, and are mutually consistent. The model was^pplied 
tc three interviews which were held w^th a gradu.ate tutor in freshmar 
physics: the tutor was asked to' solve problems concerning Einstein's 
Special Thecry of Relativity. The first interview was used to 
determine his metaphysical commititienf «-to a Newtonian, mechanistic 
view of ^he wbrld; relativistic effects were eixplained 
ipechanistically. The second interview showed the stability ql his 
sta^-ement? fotr months later and presented the metaphysics underlyinq 
relativity in comparison and contrast with his own. The third 
interview, ten days later, repeated parts of the first and shewed 
that a profound change from mechanistic tc -a relativistic view had 
occurred. This case study underscores the importance of knowing a 
student's ini+ial conceptions, especially thpse which are implicit 
and inarticulated, before planning a' teaching strategy, 
(Author/CP) ^ ' . 
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A model of conceptual wclUnge is presented which ii^^cTiudes both 

^siption 
conception 

vith existing conceptione ("concaptual ^apturi") ./which alternjitive 
procese occurs depends on .thrf relative status the existing and tjje 
new concei^tione, vhere^the status of tfii^ concef>tion depends on whether 
or not it is intelligible, jiausible or fruitful. 

The model is applied td three intervl^^s whith were held with a 
graduate tut^ ip freshmen physics. Tha/first interviaw was used to 
determine what metaphysical cowaitmentyha held in relation \o special 
relativity theory and showed the aign«icant role his coattitments played 
in leading to the ctoceptual captur/ of counterintuitive aspects of the 
theory. The fecond- interview was /sad to show > he stability of his 
conmltments four months later an/ to present tha metaphysics underlying* 
the thaory ^n comparison and cofattast with his own. Tha third interview, 
ten days later, repeated part/ 0/ i^he 4irst inti|(i^iaw And showad that 
significant changes in hia mitaphys^citl coimitnants had occurred. 

'VJ 

^ Presented at the a^n^l mf«ting of the Amaricen Mucetional 
Research Aseociatibn. Aoi&il 1980. 
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l.O TUB THEORET ICAL BASIS 
^ 

The es Sumption that • per eon* a existing knowledge plays a crucial rol^^^ 
d^tenniniag he or she reacts to^any intellectual task underlies a rapidity 
growiTig body of research into areas such as reeding coi^>rehensi^np question 
answering, the leiirning of nev material and problem solving* This, essUoipt ion 
forms the besis of the work reported in this study - an invest iget ion Vf the 

problem of understanding the conceptuel change of a person learning a complex 

I 

ebstcect subject matter. ^ 

Thie problem hes been discussed by Posner et al. (1979) (hereinafter referred 
to as PSHG)* They noted that recent work 4n the history end philosophy of scTience 
had suggested that two phases of conceptual change in a scientific discipline 
could be dietinguiBhad. In th% first phese there ere e set of l^entral 
comitments which organise the edvencement o^ knowledge in the discipline by 
defining problems, suggesting stretegies for solving them, end specifying whet 
count as setisfectory explanations. Kuhn (1970) refers to these cental 
comodtments ee ' pared igms\ end res*earch d injected .by theee^Sbedigiei *nordkl j 
^science*. V«l^tOB (1970) reflers to thei^ es e scientiet^s 'th^feticel hard 
core* whict^ then generetes e reseerch progrM deeigned both t6 apply it (the| 
hard core) to new expedience and defend it fpo^^teck.^In the eecond pliase * * 
the centrel connitaents themselves ere under etteck end in order for the discipline^v 
to proeeed they must be modified or even^replated^ Kuhn refers to this phase 

Ik' ' 

es 'revolutionary science*, during which e nev peredigm is acquired* Fdr 
Lakatos this is e change of research program. / 

By drawing analogiee between coftoeptuel change in s6ientitic disciplines 
end the learning of silence individuals FSUG developed a laodel of \:onceptuel 
exchange * the process whereby e person replaces his q| her central coamitmente. 
They pointed out that some of the most importent of these central coenitments 
were netephysicel in cherecter. Thiy also investigated ttie role thet otber^ 
metephysicel comedtmyits played in governing concepteat chenge. 
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Thfe stuaVwreported in this paper aroatt out of the voJL of PSHG. 
Xh« purpose • of thla paper 4fre to 

(i) extend PSHG*^ model of conceptual exchenge to include other 
aepects of conceptual chaage; 

(ii) elaborate on the role played by a person's metaphysical 

comitaents both in under* tanding counterintuitive material 
and in governing conceptual change; 
(iii) study the ef factivenesa of. instruction explicitly related^to a 
person's metaphysical comitaents in bringing about significant 
^ ^ changes in those conmitments; ei^ 

(iv) epply the model of conceptuel change to these comitmant 
changes • ^ 

» 

1.1 Preliminary Cowmnts 

S • « ^ 

^Th^re ere of course » different weys in vhicli e person's conceptions could 

chenge* There could be th« introduction of nmf conceptions through development 

by the parson concerned » through furthar experience^ through contact with 

other paople» etc. There could.be raorganicetion of existing conceptions »^ 

triggei^d 1>oth externally by some new idae, stc or intern«l\y as the result of 

soma process of thought. There could be the rejection of soma existing' 

conception perhaps es e result of s^ \ionceptuel raorgjiniaatidn, perheps because 

of displecemant by soM new concij^ons. Obviously these weys are not • / 

indapande^y with one giving rise to another In coaplax and 4vmr changing 

pAttams. Since thie pi^r is ooncert^ed with the problama of deeling with new 

thaoriee» I shell take this es ay starting point* and discuas rttOrgenisstioti 

end rejection es they arise* * ^ 

Consider » therefore, a person with' existing conceptions C w)iich include 

one particular i:ontaption Ci* For axaapla^ Ci aight be a theory abouO' a 

particular sat of natural phanoaana* .This parson is th«ti faced » in #oaa way 



or another » with a conception C2 which might be «n altefrnativo theory about 
the same set of phenomBoa^ The porsoQ is then faced with a decision about C;. 
The options are liaited : could be rejected ^either outright or until fu^ttier 
investigation suggests ptVi^i^««) f or it could be incorporated into C. There Are 
three possibilities fo^ incorporation: C2 could be rotely memorized with no 
attempt to r|conci^ it wTtlT Cj it could re^lece Cx and be reconciled with* 
the remainder of/jC; and (t could be Vaconciled with both C And C^. Of 'theae 



three incorpo4^tion possibilities I shall not be consida^ing rote meaortsetion 
since in t)^context of this peper it is of very limited interest. .1 shall 
call tha/process in which Ci is replaced by C2 conceptual exchang e, eod the 
proc^^ in which is incorporated by 'reconciliation- c$nceptuel cepture . A 
Bo;i^ precise aeening will b^' given to these terms by the later diacuasion. 

//^ There coM.ld be considerable differences between different exaaplea of 

// 
7 

conceptual exchange or of conceptuel capture. Oft one hand the belief that 
there ere np elephants in < the city soo would be changed without any fuss upon 
the errivel of two elephents froa elsewhere. On the other hand» the change 
from e belief in a geocentric to e heliocentric soler systea, while still being 
en exaaple of e conceptual exchange, would heveiian effect far wider than that 
caused by the errivel of two elephants f^foVt the parson concerned it he}d e 
position es centrel, es iaportant es it did for Copemicue and Galileo. P8HG 
cho^^to focus* on such large scalu conceptuel exchanges, and presented e'apdel 
of conceptual exchange^ which was the starting pAn^ for the work reported in 
this paper. ^ ' \ 

■» ■ • ♦ 

1*2 PSHG*s Model of Co^captusl Exchange . ^ • ^ 

> The model presented by*P8HG considers the cese of a person whose existing 

conceptions, C^, are challenged by is new conception, C^* • Before C\ can 
be replaced by C2» it is nacessarV that fbut conditions be setisfied: (the' 
l^^tters in parenthesis serve to identify conditions es they ere used latdr)'. 



(iX Thmv ttu»t*b« »oa» di«»«ti»Uction with Ci (D) i A person with existing 

concsptiona Cj is not going toy sxchAnge thM for C2 without good resson to be 

dissatisfied with Cj. Dissatisfaction can occur in two possible ways. .Firstly, 

it occurs when it becomes clear that is unable to be reconciled with new 

knowledge and new experiences which cennot be ignored. In other words cpnceptual 

capture cennot occur » tt^ new ideas are said to be anomaloue, and the person 

holding Ci is said to ' experience an anomaly i.e. he< or she is unable to make sense 

of what is new. Secondly, dissatisfaction can occur within Ci itself, if it is 

seen to violate sons epistenological standard J such as appearing inelegant or 
f 

clumsy, or containing §j ^oc assumptions, or being unnecessarily complicated. 

The new conception, C?. must be intelligible (l) t A person who is 

faced %rith a new conception, will not be able to incorporate it rationally into 

his or her existing conceptions If he or she cannot vake sense of it. The 

only way in which it could be incorporated thus is by rote memorisation. In 

order to find C2 intelligible, the person concerned has to be able to identify 

e« 

or construct a coherent representation of C^^ This would also require that the 

person be able to see that C2 was interns Uy consistent, although it would not 

necessarilyN|t>4 seen to be Conell^ent with other knowledge* Thus it; i« 

poeeible for the pereon to sey that C2 vae intalljlgible but thet he or she 

did not believe in it. One can appreciate Tolkein without believing in hie :\ 

world. • • J 

" (iii) The nev concept f on, C2> muat be initially plaueible (^) t A pereon 
^o ie faced with a new conception which ie to be rationally incorporated into 
hie or her exieting Concept ione musti hm ab/e to eee cthat a wrld in which C2 
ie true is r«conc\ll^le with -hie br her own conception of the world* Such 
a conception would I poseeae initial plausibility. It wouldtbe cbneietent with 
the pereonU other knowledge, ae well as being internally consietent. Thue 
the plauaibility of Ca preaupnteae that^it ie intelligible one cannot egy 
tbat it ie true without bein^able to understand it«. But if intelligibility 



is necessary for platisibility , it is not sufficient - there fs also the need 

I* 

for C2 to be true. 

(iv) The new conception, C^^ musf be f ruitf ul (Fj : A person who is faced 

with a new conception is not going to incorporate it without good reason 

particularly if it is at the expense of an exieting conception. In other 

words, he or she hi» to find it fruitful. There are a number of ways in which 

it could be so. It could be that it solves problems experienced by i.e. 

what is anomalous with respect to is no longer anomalous with respect to €2* 

In such a case simply being plausible is sufficient for C2 also to be fruitful. 

It could be that C2 surest s new approaches, new experiments. In euch a case 

being fruitful means more than .being plausible. It could be that ia more 
♦ 

elegant, more parsimonious, more economical than and ^therefore to be preferred 

to Ci. In these possibilities the reasons for the choice of C2 are intrinaic 

to it« For such a person, C2 is fruitful. But he or"eK)i might choose C2 for 

some extrineic purpose without being personally aware of ite full potential! 

it might be a generally accepted part of the diecipline, or associated witji 

' ' some respected figure. In euch a cyy, of couree, C2 might not be plaueible or 

^e9lh intelligible (though there would be plenty of motivation to find it ao) and 
' t 

it could not be regarded es fruitful. Thus if there is no advantage gained, no 
increased underetandj.ng achieved,^ no unsolved problems claared up, the effort 
required to incorporate Cj^ icul^rly if It involveJ replaei\ig , will 
not be made. 

/01n discussing theee four conditions, PSHO considered the different eituatione 
in Which conceptual exchange might occur, luid concluded that it was not 
neceseerily a linear process ip which each condition wee ea£iefied in turn*-^ 
Figure 1 ehows how they depicted th^poesible relet ionehips of the four 
conditions* 
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Frultf ula««s Conceptual 

of C2 ► Exchange from 

* (F) Cj to C2 

Intelligibility Initial plausibility 

of C2 ^ of C2 

(I) (P) ' . * 

n 

Figure I: A Model of Conceptual Exch anpe\ The model incorporate, fou^ ^ 
^ neceasary coiiditiona for conceptual exchange* 

Th»y then identifi.d three different situations . in which conceptual exchange < 

• •4 

could occur.. The first .two are appropriate for practiaing scientists, and the 
thitt for student a. Firatly a aciantist might; b* . involved in the development 
of a tKeory. Thia .ia clearly a creative role. Einatein'a development of 

♦ "relativity ia a case In point. Secondly, the acientiat i*rking in a field may 

be presented with another person 'a theory. He or aha ia then involved in ' ^ 
theory choice, and will need fe'^play a critical, evaluative %ole. Einatein'a 

^ colleaguea would have been in thia position. Thirdly a student naeta a 
theor;r in a courae of atudy and thus * ia involved in learninj^ a theory . A 
conceptual exchange would be required of a atudent with a Newtonian view of 
the world who ia required to learn relativity. 

In conaidering each of theae three aitu^tiona in the light ^>f the model 
preaented in Figure I, PSHG identified a number of connonalitiea but alao 
aoM atr iking contraata. For both theory choice and theory development 

• diaaatiafact{on with C\ ia o£ crucial importance, but need not be ao for theory 
learning, particularly for atudinta who have not learned Cj. Intelligibility 

, ie neceaaaty in all three aituationa, but for theory development it preaenta 
op problem - a acientiat cannot develop a theory he or she finds ui^telligible* 
In th^ry choice and theory learning, however, it ia crucial. Initial 
plauaibility ia clearly neceaaary in all three aituationa. Finally whi*le 
acientiata *#ould certainly need to find C2 fruitful, thia need not be the 
caaa for atudenta who may well be motivated by other factbra, extrinaic to fo. 
To auanariae theae pointa then, the model of conceptual change by theory 

8 



. development would be D (I) ♦ P ♦ F, by theory choice would beD-t^I-^P-^J 
and by theory learning would be 

1 P (F) 

where a condition ih parentliesis e.g. (D) indfcatea the* poaaibility'fehat ita 
role in the conceptual exchange proceas need not be critical. 

In preaenting tKe above inodel, H3HG made it clear that it waa vastly over- 
simplified. The process of conceptual exchange , ^they pointed out, doea not 
occur inatantanooualy tot a^y one peraon, nor in the aaaa way for different ^ 
people. Since any baaic conception ia ao complex, certain aapecta of it might* 
'be loore intelligible, plauaible and apparently fruitful than othera. Thua 
conceptual exchange "is b«st described aa* a proceaa of gtadual adjuatment in 
o^e*a concfptiona, each new adjuatment. laying the groundwork for further 
adjuatmenta", rather than the passage through discrete stagea iaq>lied by the ^ 
model. ^ ^ 

♦ . • 7 . 

.1.3 A Model of Conceptual Change 
ft 

The model of conceptual exchange outlined abave a tar ted with the premiae 

that Ci and.C2 were irreconcilable. If thia condition, however, ia relaxed, 

the model can eaaily be^^odified to include conceptual capture aa well aa 

conceptuall exchange. 

^^Aa b^ore conaid^ a peraon with exiating coHceptiona C which include one 

particular conception Ci. Thia peraon ia faced with a conception C2 about 

which a deciaion muat be taken x whether it ahould be rejected or incorporated^ 

*by meana of rote meotorisation, conceptual capture or conceptual exchange. » 

The deciaion which ia taken about C2 dependa on the an«Wera to three 

queetionat What ia the atatua\f Ci? Wtfat ia the atatua of C2? Can C2 be 

« reconciled wfth Ci? The anawere to the flrat two queationa will depand on 

which of the four conditiotie discussed above i.e. diaa^tiaf action, intelligibility, 

) t , /• 

initial pXAuaibil ity /and fruitfulnea$, are met by Ci and, aepargtely, by C2. ^ 

• / * * 



The anaver to the third queat^ion will depend on whether Cj and C2 meet a fifth 
condition,, mutual conaiatentry . The model thus requiraa further diacuaaion of 
two terms* vis. atatuA and' actual considtency. ^ 

Within the iiodel » th^ status of a conception is conaidored to be intelligible 
(I), intelligible and plauaible (IP) or Intelligible, plauaible and fruitful (IPF). 
Aa dlacuaaed before a conception cannot be fruitful, without being plausible, 
and cannot be plausiMe without being intelligible.- ^ 

Two conception», and C2» can be mutually consistent for any particular 
person only if they are both seen to be intelligible i.e. internally consistent. 
Only then is he or she able to decide whether they are conaistent with each 
other. If in addition , aay, l-a plausible, then it can only be mutually 
conaiatent %dth C2 if C2 ie also plauaible* Thus foi* mutually consistent 
conceptions, ^}>oth are plauaible, or neither ia. In practice, it could be that 
C2 becomes plauaible becauae it is seen to be reconcilable with a plausible 
existing conception. Alternatively, the reconciliatiou might det>end on both 
conceptions first being seen to be plausible. 

The three questions upon which the decision about ia made are not 
^necessarily independent of one another, aa the discussion of the plausibility- 
witual consistency relationship shows* In other words the status of one 
conception may very wel^depend on the status of the other through considerations 
of their outual consistency* 

The deciaiona which would be made about C2 on the basis of the answer a to 
the three questions above are suosaarized in Figure 2 where (lonaideration haa 
been given to the poaaible interdependence of the two conceptions* This ia 
shoyn by the exclusion of certain possibilitiesi in Figure 1\ e*g* Ci #nd C2 
cannot both have atatus IP and not be uutually conaiatent aa diacuaaed above* 
Theae deciaiona would be aede on the baaia of tl^e '^at^tua of and at a given 
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Figure 2 : Mod^l o f Conceptual Change . Decisions made about a new conception 
Cj aa a function of conception atatua. 

time. They do not imply finality i*e* a different deciaion could be made 

at a later atage if the atatua of one or other conc^^ion were to change* 

Thua if Cj has a^tus IPF and C2 has atatua I (aince only C^ ia ^plausible, 

they cannot be mutually consiatent) » C2 harf to be rejected ^ If at a later 

&tage it ia aeen to be plausible (and thua conaiatent with Cx)» then it migl^ 

be incorporated by conceptual capture* ^ Since an effort ia required for 

conceptual capture, and C2 ia not aeen a a fruitful, there would probably have 

to be aome external motivation for conceptual capture to occur* Failing 

\ 

that C2 would probably- still be rejected* If finally, C2 was found to be 
fruitful after all, then conceptual capture would occur. 

Figure 2, then, givea the deciaiona ^ich would be made about at any 
given time, but ahowa nothing of the dynamic aapecta of the nod^Kl i.e* how 
the atatua of a conception changes* The atatua ia dependent among other 
thinga, on the extent to whicl^ there ia aome diaaatiaf action with it* For 
an exiatii{g conception C^ diaaatiaf action might arise becauae C^ ia unable to 
atimulate new directiona i»e* it ia no longer fruitful* It might ariae becauae 
Ci ia u^ble to provide a baaia for making aenae of new information^ «^ilh 
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cannot b« ignored, i.e* which 19 anomalous. Thua it i%no longar plauaible. 
It might arisa bacauae- ia aaan to be cluiuy, inelegant or contains ad hoc 
aaauttpt ions . In iuoh a case, a drop in status probably only occurs if a 
satisfactory alternative exists. In other words, dissatisfaction with Ci is 
directly related to its being seen as no longer fruitful^ or more seriously as 
no longer plausibly. It is unlikely that it be seen aa no longer intelligible. 
Alternatively dissatiafaction with a new conception?^ might arise because C2 

carries implicationa which appear to be unacceptable ^om the perspective of 

f 

tha existing conception i.e. C2 is seen as itiplausible, xouAter intuitive. It 

might srise because C2 doesn't appear to bring any new insights, solve existing 

problems, suggest new directions i.e. it is not fruitful, thus both with .respect 

to C\ an<f^C2, diss^tiafaction'^and atatua are'directly related: dissatisfaction 

results from loss of ulness and plausibility and the raductiop of ■ 

diasatiefactToo ccma %dthAncrataeing plaj^sibility and f ruitf ulne*ss. ' 

^7))e interviews analysed later in thia paper will carry the burden of 

providing a iii^r^>4^ailed understanding of the model by showing how it might 

"be appliad to epacific examples. 

Xhere is one major qualification of the model which I'have preeented: , it 

ie, of courae^ a drM^ic over-simplification to present intelligibility, 

plauaibility, fruitfulnese and mutual consistanoy ae discrete propeVtias of 

conceptions. Since conceptual capture and conceptual exchange are generally 

gradual proceeses occurring in different aspects of any. changing conception 

a€^ different times, a conception ie generally neither ^^tttally plausible nor 

totally implauaible but becomes more or '^ese plausible over a peVio4..of time. 

Kefvertheless, particularly in the early stages of the development of a model, 

thm eimplif ication of prea anting it in discrete terms can serve to illuminate 

ita Icey elements. In addition ae the examples ehow^ at particular stages of 

a conc)h^tt)id^^change the approximation to a discrete status is a good one. 

* 
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1.4 A gas is for Dec i a ion Making 

In order for decisions to be made about the different Conditions discussed 
sbove, it is necessary that there bo a bssis for decision making. Toulmin (1972) 
considers that the current population of scientific conceptions -and disciplinary 
problems functions as a conceptual ecology which selecta in favour of some 
conceptions and igainst others. At any given stage only a very small part of 
the conceptual ecology might be considered to be at risk, but in principle 
no part of it would be immne from criticism. ^ 

Some of the most i^Rprtant constituents of an Individual *a conceptual 
ecology which influence and are involved in conceptual change were found by 
PSHG to be the metaphysical commitments held by the individtial. these 
connitments are metaphysical in the sense that they are i¥>t euacjSptible to direct 
empirical refutation. Such coiB^itments fall into different crategoriea, and 
are suonariaed by PSBG as follows: " 

(1) Epistemolbgical Comitments # 

\l«) Explanatory ideals 1 Most fielda have some subject-matter-specific 

viev)S concerning what counte as a eucceeeful explanation in' the field. 

(lb) General views about the character of knovledge : Some standards for 
successful knowledge such aa elegance, econoeor, parsimony, and not 
being ad hoc seem subject^-matter^eutral. ^ 

(2) Metaphysical Beliefe and Concepta 

(2a) Metaphysical beliefs ebout eciencr t Beliefe concerning the extent 
of orderliness, ayimaetry, or non*-randoflaess of the universe are 
often important in scientific work Imd reeult in epistemological 

f views which in turn can select ^ reject particular kinds of 

•A 

expirations. Such beliefs played a large role in Elnetain's thought. 
^ Beliefs about the relatione between science Ind connonplace experience 

are also important here. 

(2b) Metaphysical concepts of science ? Specific scientific concepts 

often have' a metaphyeical quality in that they are belia^a about the 



ultimate uaturofof the univurao and are inmune from direct empirical 
refutation. A be\^iof in absolute space or time i« an oxamplp. ^ 
ThuH a concept ioii^cou Id be fruitful becuuse it suRKOSts new ways of relutinK 
-cienco and coMnonplace experience: It could be plausible because it is consistent 
vith^omo l/elie{. about the ultimate nature of the universe, because it is * 
elegant and parsimonious. It could coase to be plausible because if conflicts 
wltj> other knovlfd^e, or because it includes too many ad hoc assumptions, etc. 

fSHG also noted that it was not sufficient to state that an individual had 
« comitment to. say, absolute time in order to take a decision about a 
conception.^ U was also necessary to take into account the strength of that 
coianitnient. For example, a person learning special relativity has to accept the 
Mlativltjjj^ time.. If for the person concerned, however, the belie/ in absolute 
time I. stronR enouRh. and if /he srguments presented In support' of Relative time 
carry Insufficient weight then he or she will consider thAt the exlttlng 
concept^n .tin. is pUu.tble and the only way InVWhieh the new conception can 
b« Incorporated, is through s^ reconciUatory procedure. 

Metaphysical cot«lt«,nts. then, and the strengths with which they are held 
pUv a critical role In the decisions made .bout new and existing conceptions. 
ThU role win* be further illuminated In the discussion of the results. 
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2.0 HETHODS AND DATA ' . * 

The research reported in this paper is based on a single case study, A 
graduate student (SL) . tutoring in a frosluaan non-culculus physics coyrac (PlOl) 
was interviewed on throe separate occasions about one' of the units in th« . 
course-special relativity. The first interview was used to analyze SL'a 
metaphysical cowaitments with respect to special relativity.' the second 
interview held five months later was used firstly to check whether these 
commitments had remained constant and secondly to intervene directly In an 
attempt to influence these comnitments. and the third interview held ten da:^s 
after the second w«s used to see whether there had been any changes to SL's % 
coDuitments arising from the second interview. " 

In the first interview, conducted after Sl^ ha«J tutored this unit for £he . 
second time, he began by discussing how he viowed^two seemingly counterintuitive 
^propositlona of the theory, via. moving clock*. 'run. .low and moving rod. shrink. 
I then presented two problems to him an^ asked" him to solve thea yhiU thinking 
aloud. At each stage I asked him to* glup r...ons for hi. .n.wer.. but 1 made 
no attempt to teach hito. The problems, tftough simple to .t.te. involved the 
major component, of the theory. The first problem con.Werwl the working, of 
a light clock snd the Implications it has for t)ie conc.pt of tli*: The .«.cond 
problem Involved simultaneity and the synchroni.ation of distant dock.. Thf. 
was followed by presenting SL withwrltt.n explanation, from tw6 different 
points of view. After he rMd these expl«».tion., I ..ked him without pVlor 
warning to rene.t thea from memory as a comprehen.ion ex.rcis.^. 

The .econd Interview wa. conduct.d five months «ftw the first onewhile SL 
was tutorins the unit on special reUtivlty for the third time. In the firs^ 
p.rt of the interview I reiterated ftie major point, which SL had raited thV 
fir.t interview .nd a.ked him to^i.cu.. them to determine to what extent 

there had been .ny ch.nge in hi. metaphy.icsl cot^itment. in^e Intervening 

V • * ' 

time. In the .econd p.rt of the interview I presented .ome pf t^h. ba.ic 

element, of .pedal relativity and contra.ted them with t^ *eeuit. of ^y enely.i» 

of the first interview, .bowing where I sew differencee end preeenting ergumente 



in supoort of speUal relativity. In essence 3L had stteiapted to reconcile 
the results of special reUtivrtty with his Newtonian foundation, Sid 1 sought 
to show what I understood the Kinsteini^ foundations to be. 

The third interview was conducted ten days after the second interview during 
which ti»e SL had had numajroua discussiona with students he was ^utoring. Ho 
^d ali^ coma to me on two occasions for clarification of details, and discus^on 
of pacific problems aat in the unit. In the interview I i^aln reiterated the 
•ajor points which 8L had raised In the first tito interviews and aakad him to 
coBuent on how ^e via%red the propositions of special relatli^lty vlr. moving 
clocks run slow and movloK rods shrink. The dlsT:ufslon proceeded along lilies 
similar to tbe first. As before I used the recorded discussion to analyce^ SL's 
currant metaphysical coviitmants. 




3*0 RBSULTS ^ 

The purpose of this section Is . to analyse and discuss the role of meta-* 
physical consaltments In assisting conceptual capture of counterintuitive 
results » to investigate the conditions under which they are replaced In 
the proceas of conceptual exchange and to apply the model* of conceptual 
change outlined ^Jtjjye to these results. It Is, however. Impossible to discuss 
the role of such metaphysical comltm^s InMetail without simaltanaously 
dlscL^lng their content. I shall neierYheless attempt Jto restrict all 

) c 

dlscatfslons of content to the instrumental role whicl» it >lays, and leave "any 
content. about its Intrinsic value to ethera. ** ^ 

/ ' 

3.1 Analysis of SL's initial conceptions ^ ^ ' ' ^ * 

The analyslf of the relevant parts of SL's initial conceptions (inclucling 

Ci end possibly othetf t>«i^ts of C) Is based primarily on his responses during 

the first intervifw wii:h appropriate corroboration from thaNt^ond interview 

to deiionstrate the stabi^ij:y of these conceptione over a period of ioaa 

five montha. 

« * 
In the time prior to thtt firet inttrviev 6L would have been required a# a 

physics graduate student and aa a tutor in PlOl to aake soma eense of Kinstfin*e 

■Special Theory of Relativity (STR), Be would probably not hav« eonaiderttd the 

/>ption of claiming tha^ it was nonsenee - euch *a path doee not usually l«ad 

\to success in graduatii school and thus ha would, probably iaqilicitly. havei 

set himself the taak of reconciling SIR with his axieting^phyeics kn^wladga. 

Jhe evidence I sh^ll present below suggests that his primary concern wee %fl.th 

the two propositions which iron directly counter to«.coHft>n akperienca (vi«. . 

aoving clocks run sl6w (^imi^dilati!on) ; moving roda shrink (length contraction)) » 

rather then with 'the theory i^s a whole. Hia formal physics koowladgVwould 

undoubtadly be %lnf^uenaed by the lerge component of Newtonian, physics hie 

•ducetion «ust have included,* SL's initial coneeption| are tha prodiict of 

Kinsttinian branchee grsf ted to Newtonian roots. « 
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SL show» a firm N«m;oni«n cotnnitrocnt to a mcchaniatic view of the world . * 

in which objects have f iU<^ properties such as length, maaa etc. and in which 

•xplauationa of phenowena (including rolativiatic ef facta) should be given ' 

in terms ot these objects and their^ interactions (i.e. in mechanistic terms). 

In Llilking about the question of ahr^nking rods and slowing clocKa, he says: 

Nsij I see tham as being— as changing their length, or changing their 
time. But I can talk to the peraon who's moving at the same 
velocity as tha stick and the clock. He's telling me that they 

don*t change I feel they haven't changed ^ but the way I'm* ^ 

* looking a» them haa changed . I gueaa I'm allowing for th^ 

fact-trhat a peraon who s seeing thw thinga at reat, who has 
his cioci at reat, hia meter stick at reat, ha s [pauaa" ] a little 
mor» rig^t to say what is really happening to ^TTie at icks . ' 
(emphasia added) " 

A little later ^e continuctet 

(SL) But I*m not 'at all uncomfortable wi^h the idea of fore- 
shortening, t do say, I do feel it ia a perception. I will ^ 

say it is a shortening. I know in th* back of my mind that 
my friend who 'a riding along with that meter stick ia telling 
•me all the time that aa f Ar- aa he can tall, it'a th« aame 
Ungth and I baliave what he's saying, which is o.k* ^ 

(I) It^a not a conflict? 

(5L) No.^bacauae the fact that it'a^moving makes ^t appeat to me 
aa |f it were foreahortonad. / 
* (amphaaia added) 

Hera SL inaiata otj, treating langth aa co^atant, independent of framea of 

rafarance. Ha^a, thua, lad to treat tha apecial theory 'a claima concerning 

tha relativity af length aa aimply a diatortion of perception. 

In tha aecond intarviaw SL raiteratea this aame point in aomewhat difjferent 

terms. Diacuaaing the queation of what tha reality of an object is, %e aayat 

(SL) But whan you atart talking about reality....! aort of^ike the idea 

of thinking of an abaoluta reality aort of indvpandant of obaervation. 

Ha than apontanaoualy introduces tha example of a vector ,aomathing which 

ia charactariaad by ita length (and direction) and continueat 

(SL> If you can think of it (tha vector] aa aomathing independent of 
coordinate ayatem«» you have apace and you have aomathing o\it 
there and it haa phyaicjl reality independent Sf^how^you i^eaaure 
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. Thus, at this stage, SL is conraitted to a. view of the world in which objects 
have an independent reality one ^nif eatat ion of which ia a conatant length 
independent t>f how or even whether it is measured. 

4 The next topic I shall consider concur nAture of the explanationa 

which SL provides of relativistic phei^me^^j^^^L isaue arises out of SL's 

consideration of the light clock probfem. ^Mfs inqwrtant because it provides 

him with ^^e plausible mechanism for explaining tine dilation that his meta- * 

physics requires him to look for. He can thua see why a Jiving light clock 

runa alower. He correctly predicts that another clock whic\i doea not depend 

on light moving with the light clock alao runs alover. 

(SL) It will be keeping the same time [aa moving light clock]. I 
haven't done anything to it that it ahAldn't keep the aame time. 

I then a'Wked him to explain why thia Hwuld be the caae. 

(I) But now we've got a [clock] which haa nothirfg whateoev^r to do 
with light and ao how can you axplain the fact that it ia 
running alower aa well? 

* % 

(SL) Well, that I can't do. Wit you— leb'a aaa» if you uaa another 
clock, well, like a human heartbeat ia alao a clock and in ^ 

detail I can't explain why th^t would go alower but I have 

a little bit more of a feel that it depanda ©n tha apead of light. 
For instance, if you are aanding — your' bpdy runa by fending 
neural stimulation, up through your body — thoaa are electrical 
phanomana. ...wall, it 'a a phenottanon which dapenda on li^ht «nd 
electricity, than I reaaon that thoae procaaaea will be affected 
similar to a light clock and ao I can pore or leaa aae how tha 
heartbeat would alow down if it'a moving 4t a hi^h velocity , 
(afi^aaia added) 

Later, I queationed^SL again on thia iaaue: 

(I) I'm auggeating that piirhaps you can't argue for your clock 
V on the baaia oi^ lightl ^ 

(SL)» I don't aae how in depth I can argue for my clock on the 
baaia of light, but I baliava it can be done. 

With reapect to thia same queation of ^fiimt coiiatitutaa a aatlafactory axplanatlon 

we had the following diacua^ion in thtt aacond interview ^- 

(SL) I don't like the idea of faith ao much.. ..I think that phyaica worka, 
can explain everything, Ahd that*^ the premike I'm working on and 
ao when I come up with aomathing that I can't undaratand I would 
like to think it through and explain it to myaelf . . . . . if aomeone 
juat telle ma well theaa mechanical clocka have to [tun al4>wa^ , that 
doean't ait wall with ma becauaa I can't ate vhy they're telling 
»• to take something on faith wh^tt I or they can't explain it, ^ 
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(I) OK ao ' I think that ix comes down to what you would accapt aa a 
raasonable explanation of this phenomenon which we can agree about 
which is that a clock slows ''down. And what is', aa far as you're 
concerned, a reasonable explanation of such a phenomenon ha4 to do 
with being >«ble to postulate some sort of process, a mechan&sm 
which makes things slow down? 

(S) Yes 

(I) And that underlying everything in the world there Is this type 
of mechanism explanation? ^ 

(S) Right 

The analysis of SL's initial conceptiona stiowa that he has a metaphysical 
coonitmsnt to 4 mechaniBtic view of the world. This is shown firstly by his 
commitment to the fixed properties of extended objects bc^jlng the fundamental 
reality in nature. Thus a «eter stick has a fixed length end any observations 
which 'show ^thfrvise are perceptions so that it. appeats to the observer as if 
it were shorter. Secondly he is conaitted to tife principle that any ex^lanatio 
of relatlvistic^ effects saist be given in nachanistic terms. Since he has an 
account of the alowing down of a light clock, he can and does use. this to 
explain all other problema of time dilation by aaauming that th^ somehow 
depend on lights r t ^ 

3.2 Application of the aodel to SL's initial conceptions 

The model'of conceptual change presented earlier is applicabla to SL's 

initial conceptions, to the fact that he has been able to incorporate two 

counter iiA^uitive propositions into his set of conceptions about ,the w^ld 

of appropriate phenottena. I shall assume that within SL's sat of conceptions, 

C, there is a subset, Ci, which includes cotlteptions about the reality of 

objects and the na^e of satisfactory aitplanations of natural phenomena* 

Since there is a la(Vn>f evidence) to the contrary, I ahal\ aesune that for SL, 

Ci is both intelligible and plausible, vniather it is, for SL, a'frui|:ful set 
♦ 

of conceptions is a mor^ open question to which I shall raturiV* 

Conaidar that.'SL now comes to learn special relativity. ^For oj>r purposes 
shall .onl^consider the second fipstul^te '• that' of tfie constancy, of the 
'a^aed of.lighfe and* ^e two propoaltiona df time dilation and length coqtractic 
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All the interview evidence shows that ^ accepts the second postulate without 
question. He simply uses it without any discussion?^ I'shall assui^e. that \t ia a 
constituent part of C. The two propositions are , bo%iever, controveraial , and 
form the set of conceptions, C2. The outlii^ of tbe model in Figure 2 indicatea 
that the only way in which ^2 can be incorp<yt-eted int^^^C with having status 
IP (or IFF) is by means of conceptual capture. This can only happen if C2 is 
made plausible through reconciliation with i»e? if C:i and C2 are seen aa 
being mutually consistent. 

SL manages to reconcile C2 with Ci by making two auxiliary aasumptipnst * 
that a shrinklVig rod constitutes a perceptual problem and doesn't actually 
shriiik (**X feel they [rodyand^clocks] haven't changed, but the way I'm looking 
at them h^i changed") and that tfhe light clock problem providea hfjm with a 
• plausible mechanism for explaining time dilation even thouij||pihe cannot see the 
detailsMn every case in whfch clocks run slower ("I don't see/ how in depth* 

but I believe it can be done") » 

/ 

The only element then- lacking in ex|tl^nlng the conceptual capture of C2 
is the motivation* In principle it could happen and C2 hana been reconciled 

"^at least to SL's satisfactionX And both have status IF - in practicji there neada 
to be a reason for SL making tha^ '^fort nScessary* Rafe the obvious candidate ' 
ia the importance of relativity theory. I( 8L wants t% make hCf wy in phyaica, 
he has to coma to tarms with relativity* Aa a graduate student ha has to learn 
^ it, as a tutor he hfis to teach it to his stu4«nta. 

K One final point concerns the statue of * it i^ead only have bean IP before 
C2'a capture, but more than likely its role in the capture iiwould l»a enough f or ^ 
its stratus to be raised tq IFF* Whether or^ not, this is tha case, however, makea 
no difference here* / • ' 



3*3 Analysis of the' intervention 

- — — w--*— ^ ^ - . 

The pur)>osa of. the intervention in the second interview was to influence 
SL'a understanding of relativistic phenomena in order to bring it Mora into 
line with what I understood to be the orthodox ^nateinian position* Th< 
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r<tioiMl« I «dopt:.d was that of pr^.ftnting him wijch the po.ition he bed ^ 
adopted (U.ed on the previous enaly.ie). contr.ating it with the |in8teini«n 
position and etressing the advantages this had over his point of view/At 
each stage ue discussed and attempted to clarify ^he points vhich 1^ heen 
raised. < 

i The content of this intervention centred on the issue of vdtat the 

£unda»ental reality o^the world might be. SL had indicated that he s*, this 
in terms of objects and their intetrelation.hips, and I presented the point 
of view that events were more fundamental and that length, say, could he 
interpreted in tsrms of events i.e. something that is ^ocaliz«d in space 
and time. For instance, length was the spatial separation of two events 
happening «t the same time: viz. the two measurements of the ends of a meter 
stick. I showed^^at two direct consequences of this point of view, coupl^ 
with the pos4ul*te of the constancy of ^e speed of light, were dii,a«reement. 
between two people moving relative to each other about the length of time between 
any two events. «»d about which two «,.„ts were appropriate i„ length measurement. 
.Thus a regard for events as the fundamental reality led directly to time dilation 
^ and length contraction in an internally consistent way without the neceesity 
of the aaaumptfons 8L had made in order to achieve the reconciliation diecu.sed 
In Che previous section. 

A second part to the iesue of fundamental realit'y dealt with querlM raised 

by SL in the Interview. Was the focussing on events as reality not a denial 

• *■ 
^ of the existence of objecte? Or in his own words 

(SL) Then how do you tslk sbowt ite'\eality7 Juat in terms that 
< there are two events thst happen? ' 

, This stertsd me to a possible misintsrpretation of the ri^ concept of l(^h, 

snd led into s discuMi(%n of ths dstsilsd ImpUcstions o£ the changj which I 

^ had outlined. ImpUcstions which had not occurred to M or which did not seem 

to be central, but which were clearly important to SL. >A rsinterprstation of 

length which was internally consistent was certainly required, but with the 

addielOMl r«)uireMnt that it be conalstanc with SL'e other conceptions. 

« ■„ * - . ■ ^ 
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Applicatio n of "the model to the intervention 
In order to go from the incorporation ,^f the two relativistic propositions 
by means of conceptual capture to their incorporation by means of conceptual 
exchange, at least three condition, have to be met : the status of SL's initial 
conceptions d has to drop, concomitantly the reconciliation bet'teen and Cj^ 
has to break down, «,d the statui of has. at least, to be maintained but 
preferably raised. 

Since the analysis of the' next section will .how that conceptual exchaiige 
did occur we can assume that these condition, were met. This, however, is 
indirect evidence, and in suppoi^t of the claim that the intervention was the 
instrumental factor in the exchange. I shall indicate how these conditions could 
have been met as a direct result of the intervention. * 

As 1 discussed while introduoing the model, .tatus lowering is directly 
reUted to dissatisfaction with the conception. In this case there ha. been 
no anomaly, fhe alterimtive presented to SL-has. howmver. shown thst the / 
suxilisr^^ assumptions made in order to recontfiS Cj and are unneceesary - 
it is possible to understand the relativistic propoaftion, without them. 
It is important to resliss thst these sesumptionl were not shown to be wrong - " 
osrely unnecessary. That this appeared to create enough dl.sat i.f act ion to lead 
to a lowering of the status of Ci is an implicit ip^ication of the sxlstsncs, 
with sufficient strength, of sn spistemologicsl commitment to the scono^y of 
s theory. One factor; then, which lesds to disssti.'fsctlon with C,^ snd ths 



conssquent lowering o^ it. it,tu. i, ths resli«stlon thst the suxilisry liseumptlons 
csn be discsrded. in the process of which the reconoillstion bstwsen Ci-s^ Cj 
h,. to bresk down. Thus two of ths conditions li«t.d .bove could hsv. bssn met 
simultsneously. ' ^ . . 

The importsnce of lowering ths ststu. of Cj must not be overlooked - wlfthout 
it, there csn be no conceptusl sitchsnge. Ths «,urcs of dis.stlsfsction discussed 
sbove is sppesling bfcau.s it could sccount for two ^nditions, but it might 
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not b« •vfficisnt. Th« artiUMnt which showed that th« two auxiliary assunptions 
wara unnacaaaary daalt with tha intarnal •alf-conaittancy (oi lack of ^t) of tha 
cOQcaptiona under diacuaaion. Equally important fdr tha axisting conceptions 
^ waa tha external aupport they received from extenaive experience, that wh^ch 
made them plauaible. Thus SL might well have wondered whether he had to discard 
a concept of laq|^h which had served him well in mil areas other than relativity. 
In other worda, ha might not be prepared to find Cj implausible until he had 
found C2 to be plausible i that interpreting comon experience with C2 BMide 
eenae. In other words there is an important link between the firat and third 
conditions above* 

in or to chack whether tha third condition could have been mat» wg need to 
conaidar tha nav conception^ C^. In the discussion of 6l's initial concaptione, 
C2 conaiatad aolely of the two rela^tiviatic propoeitions. This imiat now be 
expanded to include the conception of events as fundamental if a eatisfactory ' 
•xchanga ia to occur. Aa I discuasad above this conception laade directly to ' 
the two ^^^poattiona so C2 is internally consistent jind could tK\is be intelligible. 
The effect of the second part of *tha discussion outlined above i.e. the 
' reinterpr«f«tion of the concM^ of lfdgth» could than be to make plausible. 
Thia being the caee, a poa|j^a barrier to C^'s status reduction would have been 
removed. Thmre would aleo be the external motivation arising from tha necessity 
to find relativity plausible in order to feel a part of tha physics coMinity. 
Thus the third condition needed to open the way to conceptual exchange could* 
hava bean mat. 

. 3.5 Analyaia of SL's final conceptions 

The analyaia of the concept iona which SL held after my intervention follows 
that above. Thus I shall be looking at the saM points which ware summariaed 
at the end of the analysis of 8L*s initial conceptions. y ^ 

\ . 
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Firstly, there is the quest ioiv of whst reality is. Tha snalysis ahowad 
SL's initial t^onaiitment to objects with fixed properties such as laagth and 

i 

i mass. Part of the evidence to support the indtiel analysis came from 8L*a > 

/■ 

view (repeated at least three times throughout a lengthy interview) that be 

s 

would give "e priority of claiwi.to the person [at reet with respect to] the . 

meter etick", and that it simply appears to be foreshortened becauae it*s ^ 

mDving. So 1 put SL's initial view of the stetionary observer having more 

right, having priority, to talk about length to him. 

(8L) Right, I don't know if he has more right.... I think even back 
then and that'e what I aaid but it's not literally what I meant. 
What I am saying is that in a way it is eaVy. If I ware him I would 

hgve an easy time measuring tha stick I waa almost talking 

about it's efsy for him to measure and it hasn't been eesy for 
ma to think of how I would measure ii;, I am mving with raapect to 

One might want to accept a^ (ace value SL's assertion that ixy "right" and 

"priority of claim" he ^nt "easy". But this aseuiMa that for SL mettera 

of principl^ are equiv/lent to matters of convenience, an assumption I 

think ia unreasonable in the light of the rationality of the three interviawa. 

A more appropriate assumption sea»a tfi be^ that SL wante to reduce the diaeonance 

caused aa a result of the change. 

There ia further 'evidence in support of this change. In diecuseing hie 

changed viewpoint he jreiteratee one commitaent which remains unchangadi there 

is a reality independent of meaaurenant. What has chengad is hie interpretation 

of thie comHitAant. 

(SL) Well, points in spfce are real. I was thinking about this eerli^ar^ 
\ I don't foiow if I've moved that far froa where I was before. J 

alwayli felt that there arm things that are real ^ end how you obaarve . 
them, that might change. But there ere soM phyiicel realities like 
you heva e flash bulb here and a flash bulb ehare. They are quite 
independent of whatever coordinate systeei ^ou put on and I guess 
Vve always hed this feeling that t didn't liM being restricted 
^ to e coordinate system and tMt what is there doesn't depend on 

whatever coordinate system I lay on it and so that would prompt. ma 
to say the raaarks I made in the pest about.... a meCer stick [b>vinil 
^ e certein length, that is, it occupies space independent of the 

coordinate system. It is physiceliy there but now if I had to Aeaeure 
that, if I had to tell soMbody how much space it 00Gupiedi» now we 
have to ^gtee oA- the coordinate eyeten so tbet it would make eoM 
eense. 
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It is importAdt toajpte ttj^t SL recognizes that there has bsen a change. 

Following additioual|questioning he explicitly indicates what he has given up: 

(I) Are you saying that the property of length thst it has is on a 
par with this idea of the reality of the mpter stick? 

(SL) No, that's a pj^rtikl description of It. but it's" not the 

same thing. I mean if I can talk about length independent of 
how I measure it* and I guess I can't.- 

Thus while SL sti^I believes that there is a reality independent of 
measurement » he has changed his view of how that reality manifests itself. 
Initially, the object itself had a fixed length, but now the reality is 
in individual events, localized occurrences in space and time e.g. the 
triggering of a pliotographic flash bulb. 

Secondly, there is the question of what constitutea a reasonable explanation 
of rslativistic phenomena. Initially when considering time dilation SL felt 
that to explain why any s»ving clock runs tuire slowly it was essential to 
introduce some. mechanism. In his case, he felt that all processes had to 
be light'like processes. During the course of this interview I asked him 
to consider a clock which keeps^time with a flywheel which regularly reverses 
its direction. Although his explanation is a little confused, what is 
aignificant about it is that he makes no attempt to suggest that there is 
anything light-like about the flyi^el - he simply compares the light clock 
end the iliecbanlcal clock whenever the flywheel reverses its direction. Once 
again the basic reality lias in these events. 



(SL) Well, you can have two observers {pj and o£l both observers 

want to measure the time it takes for ths [Jlywheet] to cjianRe 
direction and I will eive each an identical light clock [Li and 
L^. A liRht clock [liJ whith is stationary to the {^flywiieeTQ 
■ensuring a certain time for the [f lywheeQ to turn around - 
^Vell, an observer [0^ who is looking at the same light clock [Li^ 
says.... it takes one tlck^of for the [jf lywheeQ to turn 

around. The of light goes. up and down in that ai&ount of 

time and the [f lywheeQ has changed direction. The observer 
who is moving with velocity relative to ClJ will say that (IQ... 
took a shorter time than hia [I2J «nd the same thing [flywheel 
reversal] happened in the sane time* interval. He measures a 
time interval which is someWhaU^ larger then the time interval 
which the stationary light clock measured, but the same events 
occurred across the respective time intervals. The dae guy seyft 
the time interval is 1 s and the other guy says it's 1.67 s. 



/ 

« c , — . 

The. same thing happened. It doesn't have anything to do with ) 
. " . the Qiteck necessarily - it's just how you measure the idsrSf time .l 
gjj^ (•«phWis Added) * 1 

ERIC * . jf 
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Thus time measurement has to do with intervals between events, and has 

nothing to with the mechanisms used to keep time. 

In a similar manner, when considering the phenomenon of length contraction 

SL sees it as arising from the measurement procedure, rather than from some 

mechanism operating between the particles of an object. Talking about someone 

movin? with respect to him and measuring a meter stick, SL says 

(S^^ if measures lengths the same way that I measure lengths 

and he has made a cori:ect measurement, that's OK. I guess the 

fact that we don't measure the same length is thst perhaps we < 

are not measuring the exact same thing. We are measuring in the same 

way .... 

He then goes on to consider time dilation but returns to the question of the 

measurement of length as the distance between two events (or occurrences). 

His moving associate uses the same events, but the nu]d[>ers he assigns to 

his d^asurements are different. 

(SL) I make a measurement of length and I work with that according to 
the equations of physics and it describes what happens to me and 
he'll use the same laws of physics. He will use his measurements 
and he will discover the same occurrences* I get the feeling now 
that I am moving into two separate worlds really but what is the 
same are the things that happen the actual sort of physical 
occurrences of something or other; thst a light beam should race 
from one end of a meter stick to another and back. 



(I) So you are not saying it's two different physical worlds? 

No. The sainp thi 
Consistent ways < 
(emphasis added) 



No. The samp thing is happening. There are just different 
con sistent ways of describing 



The evidence shows that there has been a profound .change in the nature of 
the explanation which SL offers, away from a concern withj^bjecls and their 
interactions causing relativisrfc sffects* i.e.* away from itechanistic 
explanations to relatlvistic explanations, i.e. to an awarenees that thes* ^ 

effects arise from the very process of meaturement and of setting up appropriate 

<» 

scales. . 
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ConteKt of SL'« Conceptual Chuma 

Th« Analyses or«««nc«d abov« shov that th«r« h«« b««n a tignificant change 

in tha way in which SL thinke about certain relativietlc phenomena, a change 

in hie baaic laetaDhyaicel coMdtouinte. Before the intervention he looked for 

machenietic explanetione of ralativietic phenoveoe in linefvith the fact that 

ha wae quite raedy to aeeent to a belief that Mchanietic explenatione are the 
a 

foundetion for everything in the phyeical world. After tha intervention there 
ia no euch univereel belief. Thie ie e profound change in one individuate 
conceptione which «irror. eoMwhat i«|>erfectly, tha change in the worldview of 
the ecientific coMmity. 

There can be little doubt thet the change fro« e Mchanietic worldview 
occeeioned by Binatein*e theory of reletivity hae been of imnee eignificance. 
diecueeed by nuMroue euthore (eae Bolton (I960, 1969), Zeher (1973) , Schaffner 
(1974), Hiroaiga (1976), Foenar Mt (l»79) and rafarancee lietad therain) . 
One pert of tha reeeon for\he eigni^\:ence of thie change raate iti the iaportance 




>of the iiachaiiietic worldview Y^rjriiiiJ^ cantUry phyaice^ Har«anau (1978) 

aaye thet the wet convincing faatij|^jpii^phy,ice of that ere wae 

"the univereelity of aechanietic proceeeaa, which illuminated 
eiwltanaouely tha etudy of iound, of heat, even of light, which 
wae regerded ea a vibration in e Mcbanioal ether** (pxxxiv) 

to dipert frott euoh univareelity wee no eMll uphaeval which could not ba 



^^" ^ m^idrnd. Hiroeiga clelM that 

••for tKa ewrgenoa of tha theory of reletivity a coi^>leta eawncipetion 
from the Machaniatio worldview wea the aeeantial prereq^iiite** (p73) 

and eleboratae«chie point lata^, aayint that ^ 

**phyeiciete did not generally eccept I}eletivit£| , until they recognieed 
that it wee concatnad not only with elactrodynamice but eleo with 
nechenlee, thet ie, thet tha fundeaental poetulatee of the thaoY;y of 
reletivity ware univereel principlae to which Mohenice ae wall ee 
alectrodynMice wae to ba eubjectad. Such a recognition contredlcted 
tha iMchenietic worldview*'. (p74) 



ERIC 



Tha change in SL*e Mtephyeicfal coMitMnte, then, auet ba regarded ea 
highly aignificant. Tha quaetion arieee ae to why it had not happened eerlier, 
ainca wa nuat aaauaa that Sh would have hed ecceee to eetiefactory accounte of 
ral^ti^ity thaoty throu||li diffarant teechere end taxtbooke* Hare tha eccount 

ir 
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of the change provided by the model diecueeed earlier providee a clue - 
conceptual exchange cannot happen unleee there ie eufficient dieeetiefection 
to lead to a lowering of the etetue of Ci - SL*e aechenietic worldview. 
Without thie heppening the intervention would aeeentially have echievad nothing. 




* ' - , _ ^ 

*.0 EDUCATIONAL IMPLICATIONS 

Th. r«.«arch raport.d In thi* paper .hovs that a peraon'i conc.pt loni which 
Includ. lietaphyalcal comIt«Dnf ,pUy . very .ignificnt rol. In the v.y In 
•which h« or ah* und«ratanda .complex .ubject matter .uch aa Einatein'a Special 
Theory of Relativity, theae concept iona play auch a role even though they 
•re often implicit, yith the iperaon holding then ubable to articulate them 
in any detail. They can then conatitute an unidentified barrier to greater 
underatanding of aome topic or other. Until ,uch time aa the detailed nature 
of thla barrier or block ia reveeled and the peraon holding it aeea that it 
ia iMplauaible. he or aha will be uneble to -incorporate the topic aatiafactorily 
^ Into hie or her conceptiona. For exanple, SL'a comitment to a mechaniatic * 
vorldview'conatituted a barrier to hia deeper underatanding of apacial 
ralstivlty. 

Firmly h«ld conception, which conititut. . b.rrif»r to gvmfr und.ritandina 

•r« not r««trict«<l to MUphy«ic«l cowLtMnta. N.ithor la th« praaenca of Juch 

barriarf confiuad to abstract aubjacta aqoh aa ralativity. Lovall (1979) 

raviawad Mom of tha litaratura pertaining to thaaa iaaua)i» litaratura which 

daalt with topica auch aa tha concaptiona of tha wrld aa a coljj^c body hald- 

by childran ^.d S-13» co^capta of Mchanica hald by pupila mgmd 11-16 and 

concapta (or a Uck thsraof) of rafaranca fra«aa hald by flrat yaar univaraity 

atud«ntaa In comanting on thaaa » Lovall aaya ► 

"tha altamativa framworka pupila hold ragarding aoma aituationa 
My of tan ba at varianca with tha framawork Which taachara wiah than 
to alaborata from taaching^ fro* tha taxtbooka. or frO» thair own 
•xparisantation*** 

Hg cohtiaiMas 

••...auch thinking ia oftan raaiatant to attack. It ia aatabliahad in 
childhood, baconaa vail antranchud by adoUaoanca «nd our taaching 
oftan doaa not aradicata it.** , 

Tha probla«» than» ia vidaapraad. Tha inplicationV of tha raaaarch 

rapprJJad in thia papar fpr vorklng towarda « aolutioiv of thia problam dariva \ 

ttom tha ttodal of concaptual changa. A taachar nsoda to know tha initial 

.Cono«ptloi]^||^tbe St^ants h« or aha ia te«ching, particularly thoad vhioh 



are i»plicit and Inarticulated. boforu planning an appropriate teaching 
atr.tegy whether it bo de.igned to lead to conceptual capture or conceptual 
axchange. Uaing the «thoda whith I 'ertpioyad In thia reaearch under the 
circum-tance. of normal teaching would impoae Intolerable burden, on the 
teacher. Further re'ae«^ch to detenaihe the renge of poaaibl. conceptiona 
in any group Af atudent. ia clearly neceaaary in order to develop diagnoetic 
inatrui«.nta for the teacher. Thi, reaearch ahowa the advantage of auch e 
diagnoala in helping to enhance greatlpr the ef fectlveneaa of any teaching 



altuatlon. 




^ 

Not«« 



Fosnor «1 (1979) u8«<l th« terms Assimilation «nd accomoDdation for 
conc«ptu«l capture and concaptual exchange reapectively. They acknowled^d 
that thesa ara Piaget'a terma, but indicated that in uaing them they 
intended no comitBent In his theories. I have introduced th«s terras 
conceptual capture and conceptual axchange firstly to eliminate ^11 
cunfueion on this count and secondly because current dictionary usage 
places them closer to their intended meaning. ^ 



2* A complete presentation of the problems is given in the Appendix 
contained in Posnar ft al (1979).^ 



3. A lass detailed analysis of SL's initial conceptions ae^ref lected in the 
first interview ia contained in Posner et el (19/9). 
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